The seed oils of twenty-six species of Apiaceae belonging to the genera Bunium, Cnidium, Ferula, Ferulago, Heracleum, Hippomarathrum, Malabaila, Myrrhoides, Olymposciadium, Pimpinella, Prangos, Szovitsia, Trigonasciadium, Trinia and Zosima, collected in Turkey, were investigated for their oil content, and amount of petroselinic acid (PA), as well as for the composition of their fatty acid methyl esters (FAMEs) by GC-MS. Seed oil content ranged from 7.1% in Szovitsia callicarpa to 29.3% in Ferula haussknechtii. The results showed that the seed oils of the studied species contained high amounts of PA (1.2-72.2%), followed by significant amounts of linoleic (LA, 13.8-50.8%) and oleic (OA, 4.2-61.6%) acids. PA was found in all the analyzed species, except for Olymposciadium caespitosum, which belongs to a monotypic endemic genus of the family. According to data from our study, PA was found to be predominantly in the seed oils of Hippomarathrum cristatum (72.2%), Trinia glauca (64.9%) and Bunium microcarpum (59.7%) and, therefore these species might be considered as new sources of PA, and represent a potential oleochemical raw material. This is the first extensive study of the composition of Turkish Apiaceae species. The high amounts of PA may also have chemotaxonomic significance.
Petroselinic acid (PA, 18:1Δ6) is an important compound the double bond of which can be oxidatively split to form lauric (12:0) and adipic (6:0) acids, which are used in the manufacture of surfactants, soap, detergents and plastics. Therefore, it is a valuable oleochemical raw material and also provides an opportunity for production of industrially useful materials such as lauric and adipic acids, as shown in Figure 1 [1a-1c] . PA is one of the most common fatty acids in Apiaceae Lindl. (Umbelliferae) seed oils. The genera of Apiaceae have been reported as useful sources of PA [1a,1c-f] . In the oleochemical industry, new plant sources are needed to obtain PA in the highest yield for its economic production. The Apiaceae family comprises ca 275 genera and 2850 species. In Turkey, it is represented by nearly 100 genera including native, hybrid and cultivated taxa [2a-2d] . In a few studies, PA, an unusual fatty acid, was determined as the predominant constituent of the seed oils of Apiaceae taxa [3a-3d] . It has also been reported that the high amounts of PA were of chemotaxonomic significance for the family [3a,3b] . It is obvious that the number of Apiaceae species that have been analyzed for their fatty acid profiles is still limited and further research to find potential PA sources from this family are needed.
In this study, the amount of PA as well as the FAMEs composition of the seed oils of 26 taxa of Apiaceae grown in Turkey was analyzed by GC-MS. Among them, Ferulago blancheana, Heracleum platytaenium, Malabaila lasiocarpa, Prangos meliocarpoides var. meliocarpoides, P. platychlaena and P. uechtritzii are endemic species. Also, Olymposciadium caespitosum, belonging to a monotypic endemic genus, was analyzed [2a,2b] . The location of these taxa is summarized in Table 1 .
The percent oil and FAMEs distribution are given in Table 2 . Seed oil content ranged from 7.1% in Szovitsia callicarpa to 29.3% in Ferula haussknechtii (1.2-72.2%). PA was determined as the main fatty acid in the seed oils of many of the studied taxa, as seen in Table 2 . High amounts of unsaturated fatty acid methyl esters (UFAMEs) were also found as follows linoleic (LA, 18:2Δ9,12) (13.8-50.8%) and oleic acids (OA,18:1Δ9) (4.2-61.6%) in all the investigated species. According to the results of our GC-MS analysis, high amounts of PA were found in the seed oils from Hippomarathrum cristatum, Trinia glauca and Bunium microcarpum with 72.2, 64.9 and 59.7%, respectively. The lowest amount of PA (1.2%) was detected in the oil of Myrrhoides nodosa.
LA was the predominant component of the seed oil of M. nodosa and Hippomarathrum microcarpum (50.8 and 36.9%, respectively). The highest amount of OA was determined in the seed oil of O. caespitosum with 61.6%, and the lowest in the seed oil of H. cristatum (4.2%). The seed oil of O. caespitosum interestingly had no PA but the highest amount of OA, while the seed oil of H. cristatum contained the highest amount of PA, but the lowest of OA ( Table 2 ).
The amount of UFAMEs in these seed oils was found to be highest in B. microcarpum (94.8%), as shown in Table 2 . The highest amount of saturated fatty acid methyl esters (SFAMEs) was in Pimpinella affinis seed oil (23.5%). Kleiman & Spencer [3a] reported that almost all species of Apiaceae, Araliaceae and Garryaceae contained PA in the seed oils and the distribution of PA from Apiaceae was on the average 57%. In this study, the amounts ranged from 1.2 to 72.2% in the oils, with an average of 36.7%, The literature results are summarized in Table 3 comparing the major fatty acid contents of all studied taxa from Apiaceae growing in different countries. In comparison with the published data, the fatty acid compositions of the species in our study were found to yield similar oil contents and FAME distribution with respect to the PA, LA and OA contents. PA was determined to be 54.4% in the seed oil of Hippomarathrum cristatum from Yugoslavia [3a] . This result is lower than in our study (72.2%). PA was also detected in the seed oil of Heracleum platytaenium from Van, Turkey (64.2%) [3c], whereas a 47.8% level was recorded for the seed oil from the Ankara region.
In summary, our study provides additional data on the fatty acid profiles of Apiaceae seed oils from Turkey. Also, this is the first time that the FAMEs composition of the seed oils of B. microcarpum, Cnidium silaifolium subsp. orientale, F. haussknechtii, Ferula hermonis, Ferulago asparagifolia, F. [1c,1f,3a,4a,4b] . In particular, Apiaceae plants have been known as potential sources of PA, an oleochemical raw material which is used in the oleochemical and pharmaceutical industries [1a,1c,1f] . According to our findings, most taxa had PA at high levels. Among them, H. cristatum (72.2%), T. glauca (64.9%) and B. microcarpum (59.7%) may be considered as important sources of PA and be cultivated for industrial use.
Experimental
Plant materials: Mature seeds were collected from their natural habitats in Turkey (see Table 1 ). They were dried and identified by Prof. Nezaket Adıgüzel (Gazi University) and Asst. Prof. Barış Bani (Kastamonu University). Voucher specimens were retained in the Herbarium of GAZI.
Oil extraction and transesterification:
The collected seeds were separated from plant materials and dried in the shade. They were kept in the dark at 20-24°C, with a relative humidity ratio between 50-70%. The weighed seeds were ground with anhydrous sodium sulfate to absorb moisture and then extracted with light petroleum (Merck Co., USA) for 4 h in a Soxhlet apparatus. The solvents were evaporated to dryness under vacuum at 40 o C and the residues were stored at 4°C. In order to analyze the fatty acid composition of the seed oils, total fatty acids were converted to FAMEs using borontrifluoride methanol mixture (Merck Co., USA) according to Morrison and Smith's method (1 mL reagent per 4-16 mg of seed oil) [5] . The FAMEs were dissolved in 1 mL of CH 2 Cl 2 prior to each analysis and injected into a GC-MS apparatus. Three samples of each species were used to determine the average FAME compositions.
GC-MS:
The FAMEs were analyzed using a Trace 2000 GC series gas chromatograph (Thermo Fischer Scientific, Inc., ON, CA) and a Thermo mass spectrometer.The separation was carried out in a SGE BPx70 column (Fischer Scientific, Inc., 60m x 0.25 mm i.d., 0.25 m film thickness). Helium was used as the carrier gas at a flow rate of 1 mL/min. The oven temperature was kept at 100°C for 5 min, programmed to 240°C at a rate of 4°C /min and kept constant at 240°C for 5 min. The injection and source temperatures were 250°C and 220°C, respectively. The MS interface temperature was 240°C. The injection volume was 0.5 L with a split ratio of 1:30. Injections of samples were made in triplicate. EI/MS were recorded at 70 eV ionization energy. The mass range used was from m/z 50 to 650 amu. The scan time was 0.5 sec. with 0.1 interscan delay. The library search was carried out using NIST, Wiley GC-MS and TUBITAK-UME libraries. A Supelco TM 37 component FAME mixture (Catalog no:47885-U) was used for the comparison of qualitative and quantitative identification of the FAME components in the GC chromatograms. The relative percentage of each FAME was calculated from the total ion chromatogram by a computerized integrator.
